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1
LIQUID TREATMENT APPARATUS

- BACKGROUND OF THE INVENTION

This invention relates to the treatment of liquids, and >
more particularly to water filters that are precoated by
replaceable powders. | |
- Liquid filters that provide the high purity water re-
quired for the steam generation of electricity are com-
monly precoated on the outside with diatomaceous
earth or powdered ion exchange resins. Such filters may
‘have five hundred or more individual filter elements
that are each over six feet in length. Full utilization of
the water treating capability of such precoat materials
requires that the precoat be uniformly applied over the
full length of each filter element. When the energy used
to produce the steam for electric power generation
comes from a nuclear reactor, the filtering equipment
becomes highly radioactive, and the individual filter
elements must be capable of being installed and re- 20
moved from a remote location. During prolonged us- |
age, the dimensions of the individual filter element may
vary, as for example when a wound nylon filter element
- shrinks during high temperature service.

OBJECTIVES OF THE INVENTION

Accordingly, it is an object of this invention to pro-
vide improved liquid treatment apparatus.
~ Another object i1s to provide a liquid precoat filter
having a uniform pressure drop throughout its length.
- Another object is to provide a seal for liquid filter
elements that will not leak when the elements shrink or
otherwise change their dimensions.

Another object is to protect the seal in a liquid filter
from damage.

Another object is to provide a liquid filter with indi-
vidual filter cartridges that can be installed and re-
moved from a remote location.

Another object is to provide a liquid filter of reduced
pressure drop having relatively long filter candles that 40
are uniformly precoated throughout their length.

Another object is to reduce the amount of material
used inside of a liquid treatment vessel that does not

directly treat the liquid.
~ Another object is to provide a high pressure liquid 45
precoat filter with relatively inexpensive, durable, eas-
ily instailed, and maintained seals that do not possess
defects found in the prior art.

Other objects and advantages of the invention will be
found in the specification and claims, and the scope of 50
the invention will be set forth in the claims.

DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic, partially broken-away, side
view of a precoated liquid filter in accord with this
invention.

FIG. 2 is an enlarged, partially broken-away, cros-
ssectional view showing the details of the seal for the
~filter elements in FIG. 1. |
F1G. 3 1s an enlarged, fragmentary side view showing 60
a way of releasably connecting a filter element.

DESCRIPTION OF THE INVENTION

The drawing shows a liquid filter 10 in which a plu-
rality of individual, porous, elongated, cylindrical filter 65
elements 11 are enclosed in a pressurized vessel 12 hav-
ing an untreated liquid inlet 13 and a treated liquid
outlet 14. Filter elements 11 have closed upper ends 15
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and open lower ends 16. Upper ends 15 may be sup-
ported in any known manner in vessel 12. Elements 11
may be made from commonly used materials, such as
wound nylon or polypropylene threads or from stain-
less steel screens. Elements 11 may be precoated in
conventional manner with a layer 18 of powdery mate-
rial. A tube sheet 19 spans the lower portion of vessel 12
and divides the vessel into a relatively high pressure,
untreated liquid chamber 20 communicating with inlet
13, and a relatively low pressure, treated liquid chamber

‘21 communicating with outlet 14. A plurality of tubes

22 are welded or otherwise attached to sheet 19 in a
fluid-tight manner. Tubes 22 project intoc chamber 20
and the inside of the tubes communicate with chamber
21 through tube sheet 19. Each filter element 11 is axi-
ally aligned with a tube 22, and the interior of each
clement 11 communicates with chamber 21 through its

~associated tube. Liquid being treated enters chamber 20

through inlet 13, passes through the precoat layers 18
and the elements 11, and thus receives a predetermined
treatment. The treated liquid passes through the cylin-
drical space 23 at the center of each element, through
tubes 22 into chamber 21, and exits through outlet 14.
Periodically, precoat layer 18 is backwashed from ele-

ments 11 and replaced with fresh material in conven-
tional manner.

Each filter element 11 has a sliding seal 24 attached to
it for preventing leakage of untreated liquid from cham-
ber 20 between such element and its tube 22 into cham-
ver 21. Seal 24 includes a central support cylinder 25
having a threaded upper end 26. A cylindrical threaded
adapter ring 27 has one of its ends secured to the open
end 16 of an element 11 and a threaded end screwed into
end 26 of cylinder 25; the interior of cylinder 25 com-
municates with the interior of element 12 through ring
27. The terminal end 29 of tube 22 telescopes into the
bottom end 3 of cylinder 25, and tube 22 extends into
cylinder 23 for at least about one-third of the length of
the cylinder. A flat-sided O-ring gasket 33 is held within
cylinder 28, and one of its surfaces 32 sealingly engages
tube terminal end 29. A circular O-ring gasket 33 is held
within cylinder 25, and one of its surfaces sealingly
engages the inside wall of cylinder 25 between gasket 31

“and the open end 16 of element 11.

Gaskets 3% and 33 are retained within cylinder 25 by
a movable, hollow, generally cylindrical seal cage 35. A
first unitary hollow member 36 has a first axially extend-
ing annular rim 37 adjacent to the inside surface of
support cylinder 25 and a second axially extending an-
nular rim 38 spaced from the inside surface of cylinder
235. The diameter of second rim 38 is less than the diame-
ter of tube terminal end 29. A wall 39 of member 36
extends transversely of cylinder 25 and connects rims 37

and 38. Wall 39 defines a first shoulder 48, which faces

element open end 16, and a second shoulder 1, which
faces tube terminal end 29. A second unitary hollow
member 43 has an axially extending sleeve 44 spaced

- from the inside surface of cylinder 25. Sleeve 44 tele-

scopes over and tightly engages second rim 38 of mem-
ber 36. One end 45 of sleeve 44 abuts second shoulder
41, and the other end 46 of the sleeve terminates short of
the terminal end of rim 44. A flange 48 extends trans-
versely of cyiinder 25 and has one end integral with end
46. Flange 48 defines a third shoulder 49, which faces
element open end 16, and a fourth shoulder 50, which
faces tube terminal end 29. Gasket 31 is retained by
second rim 38, and the gasket bears against fourth shoul-
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der 50. Gasket 33 is retained by sleeve 44, and the gasket
bears against second shoulder 41 and third shoulder 49.
Members 36 and 43 are immovable relative to each
other, and gaskets 31 and 33 are carried together in seal

cage 35 as the cage slides up and down in cylinder 25. 5
- Instead of using members 36 and 43, cage 35 may be

fabricated as a unitary element.

A coil spring 51 within cylinder 28 has one end 52
bearing against a washer 53 that abuts ring 27 at the
open end 16 of element 11 and its other end 54 bearing
against first shoulder 40 for maintaining sealing force on
gasket 31. Rim 37 retains end 54 of spring 51. Gasket 31
provides a seal between tube 22 and cage 35, and gasket
33 provides a seal between cage 35 and cylinder 25. The

- friction produced by deformation of gaskets 31 and 33 15

against the inside of cylinder 235 prevents the parts of
seal 24 in cylinder 25 from falling out when element 11
is disengaged from tube 22. The components of seal 24
are coaxially aligned with element 11 and tube 22.
Suitable means, such as conventional bayonet studs 20

55 on tube 22 and mating J-shaped slots 56 in cylinder
25, are provided for releasably connecting element 11 to
tube 22. Cylinder 25 may be inserted over tube 22 by
manipulation of element end 15 from a remote location.

Element 11 is then rotated until studs 35 engage slots 56, 25

spring 31 is compressed by pressing down on end 135,
and the element is locked in place by twisting it until
studs 55 are seated in the tips 57 of slots 56. The force of
compressed spring 51 holds studs 55 securely in tips 57.
The filter elements 11 may be removed by reversing the 30
above locking procedure. |

It has thus been shown that by the praciice of this
invention the pressure drop within elongated filter ele-
ments 11 will not be caused to vary as a result of the
seals 24, since all components of seals 24 are outside of 35
the length of elements 11 where filtering occurs. The
use of a first gasket 31 and a second gasket 33 of differ-
ent shape biased by spring 51 prevents leakage when
filter element dimensions vary, and the gaskets are pro-
tected within the cylinders 25. The sliding seals 24 per-
mit the filter elements 12 to be installed and removed by
rotation of tube ends 1§ from a location remote from
where the elements connect to tubes 22, and worn com-
ponents of the seals are easily replaced.

While the present invention has been described with
reference to a particular embodiment, it is not intended
to illustrate or describe herein all of the equivalent
forms or ramifications thereof. Also, the words used are
words of description rather than limitation, and various
changes may be made without departing from the spirit
or scope of the invention disclosed herein. It is intended
that the appended claims cover all such changes as fall
within the true spirit and scope of the invention.

What is claimed is:

L. A liquid filter comprising;:

A. a pressurized vessel having an untreated liquid

inlet and a treated liquid outlet;

B. a tube sheet spanning a portion of said vessel and
defining an untreated liquid chamber communicat-
ing with said inlet and a treated liquid chamber
communicating with said outlet;

C. a plurality of tubes attached to said tube sheet and
projecting into said untreated liquid chamber, the
inside of said tubes communicating with said
treated liquid chamber through said tube sheet;

D. a plurality of elongated porous filter elements,
each having a closed end and an open end, each of
said open ends being axially aligned with one of
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said tubes and communicating with said treated
liquid chamber through its associated tube;
E. means for releasably connecting said filter ele-

ments to said tubes; and

F sliding seals for preventing leakage from S&ld un-
treated liquid chamber between said filter elements

and tubes into said treated 11qu1d chamber, each

such seal comprising:

1. an open-ended central support cylinder having
one end attached to the open end of one of said
filter elements, the interior of said support cylin-
der communicating with the interior of such
filter element;

2. the terminal end of one of said tubes extending
into the other end of said support cylinder;

3. a first annular gasket within said support cylin-

~der, one surface of said first gasket sealingly
engaging said terminal end of said tube;

4. a second annular gasket within said support cyl-
inder, one surface of said second gasket sealingly
engaging the inside wall of said support cylinder
between said first gasket and said open end of

~ said filter element;

5. a movable holiow seal cage within said support
cylinder comprising:

a. a first member having an axlally extending

~ annular rim spaced from the inside of said
support cylinder, a wall defining a first shoul-
der which faces said open end of said filter-
element and a second shoulder which faces
said terminal end of said tube, said second
gasket means bearing against said second
shoulder, and said first gasket means being
retained by said rim;

b. a second member havmg an axlally extending

- sleeve spaced from the inside of said support
cylinder, said sleeve telescoping over and
tightly engaging said rim of said first member,
one end of said sleeve abutting said second
shoulder and the other end of said sleeve ter-
minating short of the terminal end of said sec-
ond rim, a flange having one end connected to
said other end of said sleeve, said flange defin-
ing a third shoulder which faces said open end
of said filter element and a fourth shoulder
which faces said terminal end of said tube, satd
second gasket means being retained by said
sleeve and bearing against said third shoulder,
and said first gasket means bearing against said
fourth shoulder; and

6. spring means within said support cylinder bear-
ing against said filter element and said first shoul-
der for maintaining a sealing force on said first
gasket.

2. The invention defined in claim 1, wherein said
spring means 1s a coil spring.

3. The invention defined in claim 1, wherein said first
annular gasket means is a flat sided O-ring.

4. The mvention defined in claim 1, wherein said
second annular gasket means is a circular G-ring.

5. The invention defined in claim 1, wherein said tube
telescopes into said support cylinder for at least about
one-third of the length of said support cylinder.

6. The invention defined in claim 1, further compris-
ing a threaded coupling ring having one end screwed to
an end of said support cylinder and another end at-
tached to said open end of said filter element.
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7. The invention defined in claim 1, wherein said seal 4. a circular O-ring gasket within said support cyl-
cage further comprises said first member having an- inder, one surface of said circular O-ring gasket
other axially extending annular rim adjacent to the in- sealingly engaging the inside wall of said support
side of said support cylinder, the diameter of said annu- cylinder between said flat-sided O-ring gasket
lar rim that is spaced from the inside of said support 5 and said open end of said filter element;
cylinder being less than the diameter of said terminal 5. a movable, generally cylindrical hollow seal
end of said tube, said wall extendmg transversely of said cage within said support cylinder comprising:
support cylinder connecting said rims, and said spring a. a first unitary hollow member having a first
means being retained by said rim that is adjacent to the axially extending annular rim adjacent to the
inside of said support cylinder. 10 inside of said support cylinder, a second axi-
8. A liquid precoat filter comprising: ally extending annular rim spaced from the
A. a pressurized vessel having an untreated liquid inside of said support cylinder, the diameter of
inlet and a treated liquid outlet; | | said second annular rim being less than the
B. a tube sheet spanning a portion of said vessel and | diameter of said terminal end of said tube, a
defining an untreated liquid chamber communicat- 15 wall extending transversely of said support
ing with said inlet and a treated liquid chamber ‘cylinder and connecting said first and second
communicating with said outlet; | rims, said wall defining a first shoulder which
C. a plurality of tubes attached to said tube sheet and faces said open end of said filter element and a
projecting into said untreated liquid chamber, the second sheulder which faces said terminal end
inside of said tubes communicating with said 20 of said tube;
treated liquid chamber through said tube sheet; b a second unitary hollow member having an
D. a plurality of elongated porous filter elements, axially extending sleeve spaced from the inside
each having a closed end and an open end, each of of said support cylinder, said sleeve telescop-
said open ends being axially aligned with one of ing over and tightly engaging said second rim
said tubes and communicating with said treated 25 of said first member, one end of said sleeve
liquid chamber through its associated tube; | abutting said second shoulder and the other
'E. means for releasably connecting said filter ele- end of said sleeve terminating short of the
. ments to said tubes; and terminal end of said second rim, a flange ex-
- F. sliding seals for preventing leakage from said un- tending transversely of said support cylinder
 treated liquid chamber between said filter elements 30 and having one end integral with said other
and tubes into said treated liquid chamber, each end of said sleeve, said flange defining a third
such seal comprising: shoulder which faces said open end of said
1. an open-ended central support cylinder having | filter element and a fourth shoulder which
‘one end attached to the open end of one of said faces said terminal end of said tube;
filter elements, the interior of said support cylin- 35 c. said flat-sided O-ring gasket being retained by
- der communicating with the interior of such said second rim and bearing against said fourth
filter element; shoulder, said circular O-ring gasket being re-
2. the terminal end of one of said tubes telescoping tained by said sleeve and bearing against said
into the other end of said support cylinder for a second and third shoulders; and
distance of at least about one-third of the length 40 = d. a coil spring within said support cylinder hav-
of said support cylinder; ing one end bearing against said open end of
3. a flat-sided O-ring gasket within said support said filter element and its other end bearing
cylinder, one surface of said flat-sided O-ring ~against said first shoulder for maintaining a
~ gasket sealingly engaging said termmal end of sealing force on said flat-sided O-ring gaskets.
said tube; 45 L A S
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